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Abstract. Transcendental meditation (TM) is one of the
most easily reproducible altered states of consciousness. In
this paper the EEG correlates before and during the TM
technique are evaluated within a group of 25 meditators.
Meditators as a group showed a significant increase of theta
activity (4-8 Hz) in meditation (z=2.00, p=0.046). This
effect is dominant in left frontal (F3) and right temporal (T4)
regions at frequency of 8 Hz. Slow alpha (8-10.5 Hz) and
alpha (8-13 Hz) activity increased significantly in temporal
region (T3-T4). Slow beta (13-18 Hz) activity increased
significantly in prefrontal region (Fp1-Fp2). Correlation
dimension did not decrease significantly, but there was
significant correlation (r=-0.55, p=0.026) between the
decrease of the correlation dimension and increase of the
partial EEG power in slow alpha and alpha bands.
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1 Introduction

The key problem of any future theory of
consciousness is how to incorporate altered states of
consciousness [1] (REM sleep, meditation, hypnosis,
psychedelic drug influence, some psychopathological
states, near-death experience...) within a new
paradigm. It should be pointed out that purely
biochemical mechanisms of the extended reticular-
thalamic activating system (serving as a selector and
amplifier of the conscious content out of many other
currently processed nonamplified contextual
unconscious contents) are not accelerated up to several
orders of magnitude, as the subjective time sense is
dilated in altered states of consciousness - in respect to
the normal awake state.

According to the biophysical model for altered
states of consciousness (developed by one of us, D. R.
[2-4]), the electromagnetic (EM) component of
ultralowfrequency (ULF) brainwaves, related to
"subjective" reference frame of consciousness, enables
perfect fitting with narrowed-down limits of conscious
capacity in normal awake states and very extended

limits in altered states of consciousness - due to the
biophysical relativistic mechanism of dilated
subjective time base. In this model, consciousness is
subtle internal display in the form of EM component
of ULF brainwave ionic currents, in which complete
information (both conscious and unconscious) is
permanently coded from brain’s neural networks, as a
spatio-temporal pattern resulting from changes of the
electrosynaptic interconnections in the neural
networks of the brain. Then, according to this model,
altered states of consciousness (REM sleep,
meditation, hypnosis, psychedelic drug influence,
some psychopathological states, near-death
experiences...) are a consequence of partial
displacement of the ionic acupuncture system outside
the body (when the embedded EM component of ULF
brainwaves is propagating through this weakly ionized
structured gaseous medium of low-dielectric relative
permittivity εr ≈ 1),a) while normal states of
consciousness (alert state, non-REM sleep...) are

                                                       
a) The biophysical nature of low-dielectric (εr >~ εr�≈1) structure has also been

analyzed [2-4]: this structure could be related to partly displaceable (from the body)
unhomogeneous ionic acupuncture system, which can conduct ULF brainwave currents
~10-7 A, inside the conductive channels of the initial ionic concentration ~1015 cm-3, with a
tendency of deterioration during a period of ~1 hour. As a consequence of the deterioration
process, the displaced part of the ionic acupuncture system can be finally "emitted"
together with the informational content of the embedded ULF EM waves. Even the
conditions for ULF EM field localization are not fulfilled at the end of deterioration
process, as then ULF brainwave currents can flow through the surrounding weakly ionized
(~104 cm-3) atmosphere, which significantly enlarges linear dimensions of the dipole
source and therefore the intensity of irradiated ULF EM field. The long-range phenomena
of this type are energetically supported by the existence of extremely low attenuation at
ULF frequencies due to "Schumann resonances" of the earth-ionosphere cavity, well
matched with EEG-spectrum [5]. The above mechanism has probably been of adaptational
significance for animal species, in highly efficient global spreading of survival-important
novel information [6]; inside the human population, it seems that the Maharishi effect is
providing evidence [7] for the above possibility - which can be the biophysical basis of
Jung’s collective unconscious [8]. In that context, it could be said that ionosphere
represents a dynamic collective memory of all biological species, which is continuously
being refreshed by biological units with periodicity and phase of their ultradian rhythms.
Further deterioration of the points of the displaced part of the ionic acupuncture system
makes the whole ionic system homogeneous, without a possibility for new information to
reach the subjective reference ULF EM component of brainwaves [3], bringing the
ultimate transpersonal state of thought-free consciousness (nirvana, samadhi, satori,
enlightenment, ... [9]). Objectively, the whole ionic system is completely open to
information exchange in ULF domain, bringing the sense of oneness with the surrounding
world, and subjectively, this is the state of empty consciousness, although the brain neural
network can be still very active. This state lasts very shortly in nontrained persons, but
presumably can be prolonged in trained persons. The lost part of the ions (of the initial
concentration ~1015 cm-3) is insignificant in comparison with that which exists in the body
(~1020 cm-3 [10]), and can even be regenerated during the breathing process in ~1 h.
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achieved when there are no such displacements (when
brainwaves are propagating only through the
structured brain tissue of high-dielectric relative
permittivity, εr »1)! It should be also pointed out that it
might not be quite accidental for consciousness to be
related to the EM field of ULF brainwave currents, as
the intensity of irradiated ULF EM field is extremely
low, giving rise to consciousness localized around the
body.

The aforementioned relativistic mechanism also
enables the dream-like mixing of the normally
conscious and unconscious contents in altered states,
due to the relativistic Doppler mapping of EM
component of the "objective" ULF brainwaves power
spectrum on the zero-degenerate frequency
"subjective" one - revealing their psychological
significance [2,3]: in dreams one has continuous
access and more efficient "subjective" integration of
normally conscious and unconscious contents, giving
rise to integration and growth of human personality
(otherwise divided into conscious and unconscious
associative "ego states"), which also results in
alleviation of emotional conflicts.

Then, in the framework of the model, biophysical
nature of the ultimate goal of yoga and related esoteric
disciplines [9] is the prolongation of altered state 24
hours a day, with continuously displaced ionic system.
This means that ultradian rhythm does not exist any
more, which can be achieved through the gradually
enhanced functional connectioning of the left and right
brain hemispheres (their prevailing dominance being
normally governed by ultradian rhythm [11]). So,
meditation, as a prolonged altered state of
consciousness, enables more efficient "subjective"
integration of human personality, this being its major
role in the growth of human personality (however, if a
person bears strong internal psychic conflicts i.e. "ego
states", the result of such a prolonged meditation will
be integration of human personality around the
foregoing several "ego-states", with undesirable result
of multiply divided, instead of well integrated
personality; competent teachers of meditation are fully
aware of these perils, and do not recommend its
accelerated practice to psychically weak persons, for

whom the main priority is a reprogramming of psychic
conflicts [12]).

This was our motivation to start examination [13] of
EEG correlates of meditation, and particularly transcen-
dental meditation (TM), as one of the most easily
reproducible altered state of consciousness [14-16].

The TM technique is normally practiced for
periods of twenty minutes twice a day. The subject is
instructed to sit quietly with eyes closed and is then
taught to repeat a certain type of sound or "mantra"
according to a particular definite set of instructions.
The mantras are a set of short speech sounds,
meaningless in themselves, preserved by an ancient
vedic tradition and assigned to individuals by the
instructor on the basis of a set of objective rules which
he is trained to apply. They are chosen so as to
"resonate" with the structure of an individual nervous
system.

Subjectively, the meditator usually reports an
immediate sense of bodily quiet and relaxation. An
important feature of the subjective experience of the
TM technique is an "expansion" of consciousness. As
the mantra is experienced in successively finer stages,
subjects report that the spatial extent of conscious self-
awareness, which ordinarily seems to be localized in
the area of head and upper body, undergoes a
progressive expansion.

Wallace [15,16], Orme-Johnson and Farrow [16],
among others, have reported physiological changes
during the practice of the TM technique that are
consistent with these predictions, such as reduced
oxygen uptake, reduced CO2 elimination, constant
respiratory quotient, reduced respiratory minute
ventilation, reduced respiratory frequency, reduced
hearth rate, increased basal skin resistance, and EEG
changes indicative of alertness. Wallace was led to
propose that the TM technique produces a fourth
major state of consciousness in which the mind
remains alert while mental activity reaches the least
excited state. A summary of the EEG correlates of
states of Human Consciousness, given by Wallace
[15,16], is shown in Table 1.

Table 1. EEG Correlates of States of Human Consciousness, after R. K. Wallace [15,16].

WAKEFULNESS
DEEP SLEEP

(Stage 4)
DREAMING

(Stage 1 - REM)
TRANSCENDENTAL

Low voltage mixed
frequency and/or alpha
activity (9-11 Hz). Alpha
activity increases with eyes
closed. A moment of tension
or an attempt to solve a
mental problem may disrupt
it. Tiredness or drowsiness is
characterized by a flattening
of the alpha waves to low
voltage mixed frequency
waves with an increase in
activity in the 2-7 Hz range.

Decrease in regular activity
and increase in sleep
spindles (14-15 Hz, 20-40
mV), K complexes, and 2-7
Hz activity. When 50% of
the epoch consists of waves
of 2 Hz or slower that has
amplitudes greater than 75
mV, the EEG record is
defined as stage 4 or deep
sleep.

Low amplitude (25-50 mV), variable
frequency waves accompanied by episodic
REM�s and quiescent EMG�s. Resembles that
of stage 1 of sleep except vertex sharp waves
are not prominent. Saw-tooth waves frequently
but not always appear in vertex and frontal
regions in conjunction with a burst of a REM.
Alpha activity (9-11 Hz) is more prominent
than during stage 1 sleep, and the frequency of
the alpha waves is lower by 1 or 2 Hz than that
of the alpha waves of wakefulness. An
absolute absence of sleeps spindles and K
complexes (first REM period is interspersed
with spindles).

Increase in alpha-wave
activity (usually 8-9 Hz
activity) that occurs in the
central and frontal regions.
Sometimes rhythmical theta-
wave activity (5-7 Hz)
appears in the frontal regions.
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2 Method

SUBJECTS - The study was carried out on 25
healthy adult volunteers who had been practicing the
TM technique from 0.2 to 25 years, with a mean of 7.2
years. There were 15 males and 10 females, whose
ages ranged from 17 to 68 years with a mean age of 32
years. All subjects were free of any medication. Prior
to the experiment subjects were informed verbally
about all aspects of the experimental procedure.

APPARATUS - Electroencephalographs were
recorded in an electromagnetically shielded room by a
MEDELEC 1A97 EEG machine, with lower and
upper band-pass filter limits set at 0.5 Hz and 30 Hz,
respectively. Ag/AgCl electrodes with impedance less
than 5 kΩ were placed at 16 locations (F7, F8, T3, T4,
T5, T6, Fp1, Fp2, F3, F4, C3, C4, P3, P4, O1, O2)
according to the International 10-20 system with
average reference. The EEG output was digitized with
12-bit precision at a sampling rate of 128 Hz per
channel using A/D converter Data Translation 2801.

PROCEDURE - The experiment was conducted in
a sound-proof room, dimly lit for observation.
Subjects were seated comfortably. Each recording
session was divided into two sequential periods:

1. relaxing 5 min with eyes closed;
2. meditating 15 min.
During those periods two random samples, one

minute each was recorded for every subject. The EEG
record was stored on a hard disk.
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Figure 1. Time histories and histograms for the partial EEG
power in alpha band fitted with Gamma distributions: (a)
before and (b) during the TM period (subject 1, derivation
O1).

DATA ANALYSIS - The length of each EEG-trace
was 60 s (7680 points). The following measures were
calculated for every EEG trace:
• Spectral Analysis. Time-varying EEG spectra

(spectrograms) with 0.5 Hz resolution were
calculated by the MATLAB program using a 256-
point FFT algorithm performed on 2 s Hamming-
windowed, half-overlapped epochs. An array of
EEG partial power spectra for each subject and each
derivation was computed by integration by the
trapezoidal rule of the spectrogram over the four
frequency bands: θ (from 4 to 8 Hz), α1 (from 8 to
10.5 Hz), α (from 8 to 13 Hz), and β1 (13 to 18 Hz).
Since those arrays are not distributed in a Gaussian
manner (Fig. 1), the Wilcoxon matched pairs test
and sign test were used to determine significant
differences between the spectral arrays of the
relaxing period and the spectral arrays of the
meditation period.

• Correlation Dimension. The singular value
decomposition [17] was based on the
autocovariation function with time lags from 0 to 32
points. A symmetrical 32×32 matrix was constructed
with the covariances as elements. The diagonal
element was always the covariance with time lag
zero. Then the eigenvectors and eigenvalues were
obtained. A subset of eigenvectors corresponding to
eigenvalues larger than twice the smallest of all 32
eigenvalues, was used to reconstruct the state space
[18]. This selection was used to separate the signal
from the noise. A calculation of the correlation
dimension was done separately for 32 equidistant
reference points of EEG record using the method of
�pointwise dimension� [19,20]. The number of
points N(r), which lie in a hyper sphere with radius r
around the chosen reference point, is counted. This
counting is performed for subsequently larger radii
until ultimately all points of the time series lie within
this hyper sphere. The distance between subsequent
radii was so selected that each enlargement of the
radius increased the total count by an exponential
increasing number of points, i.e. N(ri+1) = 2N(ri),
N(r1) = 2. The logarithm of counts, log[N(ri)] are
plotted against ri. A linear fit is performed on the
resulting function. If the point with the highest (or
lowest) abscissa value has the largest distance to the
straight line, this point is rejected and the linear fit is
recalculated. The process is repeated until the
extreme points have no more the largest distance
from the estimated straight line or there are five
points left only. After a slope and a maximum
deviation were calculated for each of the reference
points, the median of 20 points with the lowest
maximum deviation determines the desired
correlation dimension.
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3 Results

The representative examples of spectral arrays and
a sample of the corresponding EEG record in our
subjects (Nos 1 and 12) with slow alpha activity and
theta burst during meditation, respectively, are shown
in Figs. 2 and 3.

In order to determine the type of changes (four
categories: increase, significant increase, decrease,
and significant decrease) in partial EEG power spectra
for every subject, the two corresponding sets of
medians of arrays of partial EEG power for each
derivation, before and during meditation, were
compared using Wilcoxon matched pairs tests.

0 5 10 15
0

30

60

0

30

60

frequency [Hz]

time [s]
DURING

BEFORE

(a)

Fp2

O2
O1
P4
P3
C4
C3
F4
F3

Fp1
T6
T5
T4
T3
F8
F7

 80 µV

1 s

(b)
Figure 2 (a) Compressed power spectral arrays of the EEG
for subject 1 obtained from the electrode P3 before and
during meditation, and (b) EEG traces during meditation
showing the slow alpha waves at 8 Hz.

After summation, the sign test was done on the
total numbers of subjects showing increase and
decrease of power, for each frequency band. Results
presented in Table 2 show that the increase of theta
activity in meditation was significant (z=2.00,
p=0.046). At slow alpha frequencies (α1 range), 12
(52%) subjects showed significant power increase
opposite to 4 (16%) subjects that showed significant
power decrease during meditation.
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Figure 3 (a) Compressed power spectral arrays of the EEG
for subject 12 obtained from the electrode F3 before and
during meditation, and (b) EEG traces during meditation
showing a theta burst at 6 Hz.

Table 2. Comparison of Number of Subjects Showing Increase and Decrease of
Partial EEG Power

NO OF SUBJECTS SIGN TEST SCORES

BAND EFFECT S* NS** S z p

Q
power increase
power decrease

10
4

8
3

18
7 2.000 0.046

Æ1
power increase
power decrease

12
4

4
5

16
9 1.200 NS(0.230)

Æ
power increase
power decrease

13
7

3
2

16
9 1.200 NS(0.230)

â 1
power increase
power decrease

9
6

5
5

14
11 0.400 NS(0.689)

* S = significant; ** NS = not significant
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Figure 4. The topographic mapping of significant (p<0.05)
z-values of partial EEG power for each frequency band;
Wilcoxon matched pairs test; inv. distance method.

The comparison of the medians of partial EEG
power for one derivation was performed using
Wilcoxon matched pairs test. Fig. 4 shows the spatial
distribution of the changes (z-scores) over the whole
head. Shaded areas indicate the fields that have
significant power increase. The primary sources of
differences were the left frontal region (F3, z=3.24,
p=0.001) in θ-band, right temporal region (T4, z=2.65,
p=0.008) in α1-band, left temporal region (T3, z=2.73,
p=0.006) in whole α-band, and left prefrontal region
(Fp1, z=2.59, p=0,01) in β-band.
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Figure 5. Z-scores of power spectral density against the
frequency over the entire band (0-64 Hz); (a) derivations T3
and T4, and (b) derivations F3 and F4; Wilcoxon matched
pairs test.

Furthermore, we examined the EEG power
changes for channels T3, T4, F3, and F4 for each
single frequency over the entire band (0-64 Hz) with

resolution of 0.5 Hz by calculating the arrays of power
spectral densities for those channels, estimating the
medians for every frequency and performing the
Wilcoxon matched pairs test, successively. The results
obtained in this way, i.e. the z-values of Wilcoxon
matched pairs test versus frequency, are shown in
Fig. 5. Frontal region (F3/F4) showed the power
significantly increases in range 7-8.5 Hz. Very
significant difference (z=3.91, p<0.0001) between the
power spectral densities of channel F3 before and
during meditation is at frequency of 8 Hz. Temporal
region (T3/T4) showed an increase in several
frequencies in the theta range, and the very significant
increase (z=3.28, p=0.001) at 10 Hz.

Spatial distributions of medians of correlation
dimension over the whole head before and during
meditation are given in Fig. 6. Although there are no
statistically significant changes, a decrease in
correlation dimension in right frontal and left parietal
regions is obvious. In Fig. 7 the z-scores obtained by
comparison of the medians of correlation dimension of
each channel of every subject, prior and during
meditation is given. Wilcoxon matched pairs test was
applied.

Figure 6. Spatial distribution of the correlation dimension
before and during meditation.

Figure 7. The topographic mapping of z-values of
correlation dimension; Wilcoxon matched pairs test.

It should be particularly stressed that there exists a
significant correlation (Table 3) between z-values of
the correlation dimension and the z-values of partial
EEG power in α1 and α band (Pearson product-
moment correlations: r=-0.55, N=16, p=0.026,
Spearman rank order correlations: r=-0.53, N=16,
p=0.033).
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Table 3. Pearson product-moment correlation coefficients between z-values of the
correlation dimension and z-values of partial EEG power.

CORR. DIM. θ POWER α1 POWER α POWER β1 POWER

CORR. DIM. _ r=-0.10
NS(p=0.700)

r=-0.55
p=0.026

r=-0.55
p=0.026

r=0.34
NS(p=0.195)

θ POWER
r=-0.10

NS(p=0.700)
_ r=0.66

p=0.005
r=0.49

NS(p=0.057)
r=0.54

p=0.030

α1 POWER
r=-0.55
p=0.026

r=0.66
p=0.005

_ r=0.96
p<0.001

r=-0.07
NS(p=0.799)

α POWER
r=-0.55
p=0.026

r=0.49
NS(p=0.057)

r=0.96
p<0.001

_ r=-0.27
NS(p=0.314)

β1 POWER
r=0.34

NS(p=0.195)
r=0.54

p=0.030
r=-0.07

NS(p=0.799)
r=-0.27

NS(p=0.314)
_

NS = not significant

4 Discussion

The present study confirms previous reports by
Wallace [15,16], Banquet [16,21], Levine et al. [22],
Kras [23], RouzerØ et al. [24] who found similar
changes. The meditators as a group displayed a
significant increase of θ activity (z=2.00, p=0.046)
over the whole head. In particular, out of 25
meditators, 10 (40%) significantly increased their θ
activity during meditation, and 4 (16%) significantly
decreased. Analysis of each of the 16 derivations
separately showed that the prominent theta wave
activity is present in the frontal, central, and right
temporal regions at frequency of 8 Hz (channel F3,
z=3.91, p=0.0001). The patterns of theta frequencies
fluctuated. Observed hypersynchronous theta bursts
were similar to the theta bursts occurring during
phases of emotional excitation [25,26].

The consistent changes in the other frequency
bands were not observed in meditator group as a
whole. Out of 25 subjects, 12 (48%) significantly
increased their slow alpha activity (8-10.5 Hz) during
meditation, and 4 (16%) significantly decreased. The
prominent slow alpha activity occurred in right
frontal, central and temporal regions. During TM there
was a significant increase of alpha activity in 13
(52%) experimental subjects and significant decrease
in 7 (28%), most frequently in temporal region (T3-
T4). The increase of slow alpha activity during the
TM technique is apparently due to the nature of the
technique, which according to adherents involves the
increasingly abstract experience of quieter levels of
mental activity, attained without concentration or
procedures of controlling the mind [27]. Increased
orderly functioning of the frontal and central regions
of the brain may be correlated with this improvement
in mental abilities, especially since these brain areas
are known to be responsible for such activities as
sensory-motor integration, memory, cognition,
concentration, judgment, and volition [23]. Those
changes may not necessarily occur in long-term
meditators. The subjects also showed a significant
increase of prefrontal beta activity.

Many of the previously published papers have
reported physiological changes during meditation that
seems to characterize substates of wakefulness
[15,16,25,28,29]. Those changes have been interpreted
as a support for the fourth major state of
consciousness, the restful alertness state, being a
combination of restfulness (increase in alpha and theta
activity) and alertness (increase in beta activity). This
is in accordance with the Ellias and Grossberg model
of neuron [30] which predicts that higher input to
brain neural network increases frequency and
decreases amplitude of oscillations. In this case,
appearance of significant theta component and the
alpha rhythm slowing may be the result of deprivation
of the sensory input. On the other hand, increased beta
power could be a consequence of the increased mental
activity.

5 Conclusion

In this paper the EEG correlates estimated before
and during meditation clearly distinguish these two
states of consciousness:

(1) Meditators as a group showed a significant
increase of θ activity in meditation. That effect is
dominant in left frontal (F3) and right temporal
(T4) region at frequency of 8 Hz.

(2) Slow alpha (α1) and α activity increased signi-
ficantly in temporal region (T3-T4).

(3) Beta activity increased significantly in prefrontal
region (Fp1-Fp2).

(4) Correlation dimension decreased not significantly,
but there was significant correlation between
decreasing of the correlation dimension and
increasing of the partial EEG power in α1 and α
band.
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